One of the oldest arms races between brood parasites and their hosts is the obligate parasitism of Common Cuckoos Cuculus canorus, hereafter cuckoo (Payne 1977) . Although most research on interactions between this species of cuckoo and its hosts has been conducted at localized sites (Molnár 1944 , Wyllie 1981 , Moksnes & Røskaft 1987 , Davies & Brooke 1989a , Lindholm & Thomas 2000 , Honza et al. 2004 , analyses on a broader scale have relied on the determination of parasitism frequencies derived from reviews of records of parasitism in the literature, nest record cards, and inspections of clutches of parasitized species in museums (Lack 1963 , Wyllie 1981 , Glue & Morgan 1972 , Glue & Murray 1984 , Brooke & Davies 1987 , Davies & Brooke 1989b , Sealy et al. 1996 , Davies 2000 . Results of these studies have revealed that some passerine species are clearly favoured as hosts, whereas others are parasitized only occasionally (Glue & Morgan 1972 , Glue & Murray 1984 , Perrin de Brichambaut 1997 , Yom-Tov & Geffen 2005 .
On the basis of these compilations, hypotheses on the evolution of parasite/host relationships have been formulated which predict, for example, that heavily parasitized species are more likely to evolve the ability to discriminate between parasitic eggs and their own eggs, and eventually reject the foreign eggs (Brooke & Davies 1987 , Moksnes & Røskaft 1987 , Davies & Brooke 1988 , Brooke & Davies 1991 .
Although the breeding distribution of Common Cuckoos includes the entire Western Palearctic, reviews of the frequency of parasitism have been focused on host populations in countries of northern Europe (Lack 1963 , Wyllie 1981 , Glue & Morgan 1972 , Glue & Murray 1984 , Sealy et al. 1996 , Davies 2000 . Analyses of cuckoo habitat preferences have also been restricted to continental Europe (Glue & Morgan 1972 on one host species (Alvarez 1993 (Alvarez , 1996 . Studies of cuckoo habitat preferences are generally lacking. Truffi (1980 Truffi ( , 1983 Truffi ( , 1986 listed the cuckoo's host species in Italy but he did not quantify the frequency of parasitism on each host.
The aim of this paper is to quantify the frequency of parasitism on each cuckoo host over a Mediterranean region (Italy) by compiling data from nest records dated from 1865 to 2004. We also compared the frequencies of parasitism on species among and within habitats to develop the first quantitative database on which to test hypotheses on cuckoo habitat or host preferences in Mediterranean areas. We compared the parasitism frequencies with data available in the northern portion of the cuckoo's range, in the Western Palearctic.
METHODS
A preliminary list of potential cuckoo hosts nesting in Italy ( Fig. 1 ) was compiled from records that date from 1865 (Bettoni 1865; Giglioli 1889 Giglioli , 1890 Rossi & Di Carlo 1948; Moltoni 1951 , 1960 , Pazzuconi 1968 , Foschi 1978 , Realini 1980 , Brichetti & Cambi 1981 . These reports contained observations of parasitized nests as well as observations of fledged cuckoos being fed by their putative hosts. To verify that all species were the actual cuckoo hosts we searched the literature, using the BDO 2000 database (Brichetti 2005) , which included all articles from ornithological journals, atlases, national, regional and local reports of museums, private and public institutions, and proceedings of conferences published between 1900 and 2003, which dealt with the Italian avifauna. From each source, and for each species, we extracted the number of parasitized and unparasitized nests observed, at both the egg and nestling stages, but excluded sources which reported only that a species was parasitized, when only a vague indication was given of the number of nests that had been inspected. We did not include sources that reported adults feeding cuckoo fledglings or adults mobbing cuckoos because these may not reliably indicate host use (Redondo 1993 , Sealy & Lorenzana 1997 Requests for records of parasitized and unparasitized nests of potential cuckoo hosts were published in the ornithological journal Avocetta (2005, vol. 29, number 2, p. 107), posted on the website of the Italian Centre for Avian Studies (CISO), and sent to the online mailing list of the European Bird NetItaly. Additional records were obtained through correspondence from 13 ornithologists and naturalists, four of whom had published papers that also contributed to this review (Pazzuconi 1965 , Quaglierini 2002 , Caffi 2004 , Dicapi & Maestri 2004 ; five had published papers in Italian journals (Andena 1974 , Fracasso 1978 , Viganò 1990 , Mostini 1992 , Grattini 2003 , two as nest recorders for the Italian Wildlife Institute (ISPRA, ex-INFS; A. Belosi, C. Mancuso), and two were members of the Italian Association for the Protection of Birds (LIPU; L. Bonetti, A. Cazzaniga). These records were used only when they met the criteria indicated above and if they had not been published previously or were included in Zenatello (2004) .
These records permitted us to calculate the number of parasitized and unparasitized nests for each of the species indicated as cuckoo hosts and to determine the frequency of parasitism as the number of parasitized nests out of the total nests observed. We classified cuckoo hosts according to their habitat (Mediterranean mattoral, woodland, mountain, riparian, and anthropic areas) as indicated by Cramp (1992) and Fornasari et al. (2004) . We used chi-square tests (Zar 1999) to verify whether the number of parasitized species or nests was equally distributed among all hosts in or within habitats.
RESULTS
A list of 70 potential cuckoo hosts was extracted from the first literature reviews (Bettoni 1865; Giglioli 1889 Giglioli , 1890 Rossi & Di Carlo 1948; Moltoni 1951 Moltoni , 1960 Pazzuconi 1968; Foschi 1978; Realini 1980; Brichetti & Cambi 1981) . Of 102 additional studies reviewed by us, 65 met the criteria necessary for inclusion in the analysis. We compiled a total of 13 157 nests of 70 species distributed among 16 families in the orders Piciformes and Passeriformes (Appendix 1). Icterine Warbler and Willow Warbler (scientific names given in Appendix 1) were not confirmed as cuckoo hosts: Moltoni (1951) had reported them as parasitized, but because neither species has been confirmed as nesting in Italy, Truffi (1983) suggested that errors had been made in nest identification. Another 24 species, each of which nests in Italy, but not recorded as parasitized, were in the families Motacillidae, Turdidae, Paridae, Passeridae, Fringillidae, and Emberizidae. The other 44 species were confirmed as cuckoo hosts (Table 1 ) . Species in the Sylviidae were the most frequently parasitized, accounting for 41% of the parasitized species. The species parasitized most frequently were Great Reed Warblers (27% of 1416 nests), followed by Wood Warblers (25% of 4), European Robins (23% of 150), and Dunnocks (20% of 35). The four least parasitized were Moustached Warblers and European Goldfinches (0.7% of 151 and 293 nests, respectively), followed by Blackbirds (0.5% of 1083) and Red-backed Shrikes (0.3% of 323). Neither the number of species parasitized (χ 2 = 12.7, df = 5, P = 0.026) nor the number of nests parasitized (χ 2 = 533, P < 0.001) was equally distributed among the six habitats where hosts nested (Fig. 2 ) .
Riparian habitats supported the fewest parasitized species (2 out of 44; 4.5%), whereas anthropic areas predominated with 15 species (34.1%). Frequency of parasitism on hosts nesting in wetlands was higher than the mean for all habitats (18.4% versus 7.8%, respectively), whereas in anthropic areas, the number of nests parasitized was less than the number expected (3.2% versus 7.8%). There were too few species in riparian habitats to permit a comparable analysis of the frequency of parasitism among hosts. Within the remaining five habitats, the frequency of parasitism was not equally distributed among species. Against a mean of 2.4% among all host nests in the Mediterranean mattoral, Orphean Warblers were the most frequently parasitized (13.2%; χ 2 = 42.5, df = 6, P < 0.001). The frequency of parasitism was most unequal among hosts in woodlands where European Robins were parasitized at 22.7%, compared with 4.4% of the habitat mean (χ 2 = 134, df = 7, P < 0.001, Fig. 3a ) . In high mountains, almost all species were parasitized, with a mean of 7.2%; only Dunnocks were parasitized more frequently, at 20% (χ 2 = 12.6, df = 6, P = 0.050, Fig. 3b ). The heavy parasitism recorded in wetlands was due mostly to parasitism on Great Reed Warblers (χ 2 = 124, df = 4, P < 0.001, Fig. 3c ). The unequal parasitism within the anthropic habitat was at the expense of Redstarts, which were parasitized at 16% against the habitat mean of 3.2% (χ 2 = 238, df = 14, P < 0.001, Fig. 3d ). The unequal frequency of parasitism recorded among hosts within habitats was also due to a parasitism frequency that was lower than the habitat mean for Blackcaps in Mediterranean mattoral, European Goldfinches in woodlands, Wheatears in mountains, Reed Warblers in wetlands, and Blackbirds in anthropic areas (Fig. 3 ) .
DISCUSSION
In Italy, 10 of the 20 most parasitized species (Great Reed Warbler, Robin, Dunnock, Marsh Warbler, Black Redstart, Barred Warbler, Garden Warbler, Whinchat, Reed Warbler, and Whitethroat) were among the hosts most parasitized elsewhere in Europe (Appendix 1), whereas the other 10 species were recorded only as secondary hosts . This was expected for Woodlark, Orphean Warbler, Marmora's Warbler, and Fan-tailed Warbler whose distribution is typically Mediterranean, but not for the other six species (Wood Warbler, Mistle Thrush, Water Pipit, Sedge Warbler, Stonechat, Red Blackstart), which are also abundant in northern Europe (Cramp 1992) . The most surprising hosts are Mistle Thrush and Black Redstart, which are considered to be unsuitable species . The latter authors recorded only one and seven parasitized nests of these species, respectively, among 12 000 parasitized clutches examined in museum collections .
Among the 24 species for which we could not confirm their status as hosts, 16 have been considered unsuitable ) (see Appendix 1) and parasitized only occasionally elsewhere in the Western Palearctic. By contrast, one of the other eight suitable yet unparasitized species in Italy, Meadow Pipit, is one of the favoured host species in northern Europe (Sealy et al. 1996 , Davies 2000 . Meadow Pipits are scarce and local in Italy (Meschini and Frugis 1993) ; in fact, during an extensive census, they were recorded in fewer than 20% of the census plots (Fornasari et al. 2004) . Moreover, Chiffchaffs, one of the most frequently parasitized hosts in Finland (Davies 2000) , were similarly not parasitized in Italy. In addition to their scarcity, a different habitat composition of the two areas might account for this difference, as Chiffchaffs inhabit open forests, one of the predominant habitat types in Finland, but which is much less extensive in Italy (Enoksson et al. 1995 , Corona et al. 2002 .
The degree of host specialization in cuckoos is well known, according to the level of egg mimicry of the different cuckoo gens (Brooke & Davies 1988 . From the tables of data on hosts parasitized, reported by Pazzuconi (1997) , some sort of egg mimicry apparently occurs on some of the most frequently parasitized species in Italy, such as Orphean Warbler, European Robin and Great Reed Warbler. Furthermore, a striking similarity with cuckoo gens breeding in other parts of Europe is the perfect egg mimicry and absence of egg mimicry of Redstart and Dunnock, respectively, both species that lay immaculate blue eggs (Brooke & Davies 1988 , Rutila et al. 2002 . Nest records that we analysed often did not report the degree of cuckoo egg matching, thus, further studies are necessary to confirm what has been found elsewhere, that egg morphs are laid not only in nests where host-egg mimicry is perfect but also in nests of other species where the match may be poor .
To unravel the mechanisms of the maintenance of egg mimicry, authors have alternatively hypothesed that cuckoos search for a single species to parasitize ('host preference' hypothesis; Baker 1942 , Lack 1968 or for the same nest type ('nest-site' hypothesis; Wyllie 1981, Moksnes & Røskaft 1987) or habitat ('natal philopatry' hypothesis; Brooke & Davies 1991) in which they were reared. Our results agree with studies that have provided robust evidence in support of the 'host preference' hypothesis (Marchetti et al. 1998 , Davies 2000 , Gibbs et al. 2000 . The unequal parasitism pressure among hosts within habitats and with similar nest types is not consistent with the other hypotheses, where a similar parasitism pressure would be expected to have been evenly distributed among all host species breeding in a particular habitat or with a specific nest type, respectively. Recently, results of a study of parasitized Reed Warblers showed that host density predicted the frequency of parasitism of different populations that nest in Europe (Stokke et al. 2007) . Similarly, it is necessary to determine the abundance of each host to ascertain whether the species most frequently parasitized in this study are selected by cuckoos in proportion to the availability of their nests.
Although analyses on a larger spatial scale have been important in unravelling coevolutionary interactions between cuckoos and their hosts (Brooke & Davies 1987 , Lindholm 1999 , Soler et al. 1999 , Soler & Soler 2000 , Røskaft et al. 2002 , some authors (Lack 1963; Glue & Morgan 1972; Brooke & Davies 1987 , 1991 correctly noted biases in these methods. Nest cards may reflect the abundance of the species in habitats close to human settlements, whereas communities in more isolated habitats may be neglected, or some species may have been the focus of long-term studies. Only anecdotal observations are available for other species. We have treated our results cautiously because the method we used to present the data, such as the total number of nests, may not have been representative of the sizes of nesting populations available to the cuckoos (Lack 1963; Glue & Morgan 1972; Hurlbert 1984; Brooke & Davies 1987 , 1991 . In turn, the frequencies of parasitism calculated may be over-or underestimates of local parasitism when simply averaged over a larger geographic area. This has limited our ability to identify a geographical or temporal pattern in host use over the area considered. Nevertheless, as our data were obtained using the same methods as other workers, these results provide additional information on the dynamics of parasitism in a more extended area of the cuckoo's range and, thus, broaden the background against which to propose hypotheses on the coevolutionary interactions between Common Cuckoos and their hosts. Gianluca Sarà for allowing us access to numerous papers not reachable through standard databases. We thank Marco Zenatello who retrieved countless observations from the database of the Italian Nest Record Scheme (Progetto Ab ovo ), Pierandrea Brichetti who posted our data request on Aves website, Paolo Galeotti for posting it on Avocetta , and dozens of naturalists who replied to our request. We also thank two anonymous reviewers who improved the quality of our manuscript. Our work on avian brood parasitism has been funded by grants from the Natural Sciences and Engineering Research Council of Canada to SGS and a University of Manitoba Graduate Fellowship to DC.
